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Introduction {#sec001}
============

Adolescence is a turbulent developmental period in which the rates for depressive symptoms and major depressive disorder (MDD) rise dramatically \[[@pone.0224126.ref001]\]. Despite the fact that early onset depression is associated with numerous adverse long-term outcomes \[[@pone.0224126.ref002]--[@pone.0224126.ref004]\], research on moderating and mediating factors for explaining the development and maintenance of youth depression is still insufficient. This is partially because research on vulnerabilities for youth depression has been hindered by the lack of a unifying theoretical framework. However, the numerous theories and models of depression that have been proposed previously are not mutually exclusive and can be combined to provide a clearer understanding of the risk of depression. Interestingly, researchers have recently started to articulate integrated models of depression that take biological-affective (e.g., temperament) and cognitive-behavioral factors (e.g., emotion regulation) as well as developmental differences in depression into account (e.g., \[[@pone.0224126.ref005], [@pone.0224126.ref006]\]). Inspired by these models, the present study examined emotion regulation--or the set of processes by which emotions themselves are regulated \[[@pone.0224126.ref007]\]--as one possible mechanism through which temperament contributes to the development of youth depressive symptoms \[[@pone.0224126.ref008], [@pone.0224126.ref009]\].

Biological-affective models of depression: The role of temperament {#sec002}
------------------------------------------------------------------

Starting from theory and research on individual differences in temperament of children and adolescents, several studies have shown an association between children's temperament and their propensity for developing psychopathology \[[@pone.0224126.ref010], [@pone.0224126.ref011]\]. Temperament refers to the biologically-based individual differences in emotional and behavioral reactivity that appear early in life and are stable across time and situations \[[@pone.0224126.ref009]\]. Temperamental theories typically distinguish between negative emotionality (NE) and positive emotionality (PE), two reactive temperament traits that predispose individuals to experience different levels of emotions as well as to be more or less reactive to emotions \[[@pone.0224126.ref012]\]. NE refers to the susceptibility to negative emotions such as depressed mood and anxiety \[[@pone.0224126.ref012]\] whereas PE reflects one's reactivity to positive emotions such as cheerfulness and states of positive engagement \[[@pone.0224126.ref012]\]. An extensive corpus of research has consistently linked depression with higher levels of NE \[[@pone.0224126.ref013]--[@pone.0224126.ref015]\]. In addition, early biological-affective models of depression--such as the renowned tripartite model of depression and anxiety \[[@pone.0224126.ref016]\]--also highlight the role of PE as a temperamental vulnerability to depression. More specifically, the tripartite model for distinguishing between depressive and anxious states asserts that high NE serves as a *general* risk factor for psychopathology, while low PE operates as a *specific* risk factor for depression \[[@pone.0224126.ref016], [@pone.0224126.ref017]\]. This theoretical premise is further substantiated by several studies showing that low levels of PE prospectively predict depressive symptoms in children, adolescents, and adults alike \[[@pone.0224126.ref018]\].

Recently, researchers also started to address the dynamic interaction between NE and PE for understanding depressive symptoms. This is in line with the tripartite model \[[@pone.0224126.ref016]\] and with theoretical accounts positing that positive emotions can buffer against the detrimental effects of negative emotions \[[@pone.0224126.ref019]\]. Studies addressing the NExPE interaction have typically found high NE to be more strongly predictive of depressive symptoms at low levels of PE, in comparison to high levels of PE. This has been replicated cross-sectionally in non-clinical youth \[[@pone.0224126.ref020], [@pone.0224126.ref021]\] as well as in youth psychiatric inpatients \[[@pone.0224126.ref022]\] and prospectively in non-referred adolescents \[[@pone.0224126.ref015]\].

Cognitive-behavioral models of depression: The role of emotion regulation {#sec003}
-------------------------------------------------------------------------

Unfortunately, the tripartite model does not provide us with a framework for understanding why and how reactive temperament traits (differentially) contribute to depressive symptoms and--despite the bulk of evidence linking temperament to depression--fewer studies have examined the mechanisms through which individual differences in reactive temperament traits lead to the development of depressive symptoms in youth. Yet, clinical developmental research has undoubtedly indicated that the effects of temperament on psychological adjustment are rarely direct \[[@pone.0224126.ref020], [@pone.0224126.ref023]--[@pone.0224126.ref028]\]. Therefore, researchers have started to integrate insights from biological-affective models with those from well-examined cognitive-behavioral vulnerability models on depression--such as the widely cited response style theory \[[@pone.0224126.ref029], [@pone.0224126.ref030]\]--which posit that emotion regulation responses to stressful life-events contribute to the development and maintenance of depressive symptoms. Emotion regulation (ER) refers to the overall set of skills and cognitive and behavioral processes used to influence the nature and intensity of the emotion, the moment and/or situation one is having this emotion, the reappraisal of the emotion, and the actual display of the emotion \[[@pone.0224126.ref031]\]. ER should be distinguished from 'coping'; despite some similarities, ER and coping are distinct in numerous ways. First, ER includes *both* automatic and controlled processes while coping includes only controlled volitional processes. Second, ER includes both intrinsic processes and extrinsic processes, whereas coping is only carried out by the individual that is experiencing stress (and thus only intrinsic) \[[@pone.0224126.ref007]\]. Third, ER includes efforts to manage emotions under a wide range of situations and in reaction to a wide range of stimuli whereas coping exclusively refers to responses to stress \[[@pone.0224126.ref007]\]. Following from the definition as put forward by \[[@pone.0224126.ref031]\] it becomes clear that ER refers to the set of processes by which emotions *themselves* are regulated, instead of how emotions regulate something else (i.e. regulation by emotion \[[@pone.0224126.ref032]\]). Even though ER is an umbrella term that covers both bottom-up (reactive) ER processes such as emotional awareness (i.e., the skills to identify, explain and discern one's own as well as others' emotional experiences \[[@pone.0224126.ref033]\]) and top-down (deliberate) processes or ER strategies \[[@pone.0224126.ref034], [@pone.0224126.ref035]\], we focus solely on ER strategies in the current study. ER strategies refer to the *specific* ways in which individuals actively and goal-oriented regulate their emotions \[[@pone.0224126.ref036]\]. ER strategies can be broadly divided into two categories dependent on their long-term effects on affect, behavior, and cognition, and their overall association with psychopathology \[[@pone.0224126.ref037], [@pone.0224126.ref038]\]. Some ER strategies are considered adaptive as they have been related to more overall emotional wellbeing long-term, while others have been labelled maladaptive because they have been associated with more overall maladjustment and depression specifically in the long-term \[[@pone.0224126.ref037], [@pone.0224126.ref038]\].

Integrated models of depression {#sec004}
-------------------------------

Interestingly, recent models integrating biological-affective and cognitive-behavioral models postulate that over time individual differences in ER will develop in accordance with one's reactive temperament to the extent that youth manage their emotions in a way that is consistent with their temperamental-based tolerances \[[@pone.0224126.ref005], [@pone.0224126.ref023]\]. For example, a youth high in NE may get more easily aroused in a situation that elicits negative emotions--such as receiving peer-to-peer negative feedback--in comparison to a peer high in PE. Owing to his or her temperament, it might be difficult for this youth to positive refocus or to adaptively reappraise this situation (e.g., "maybe my peer is jealous of me" or "maybe my peer feels insecure about his or herself"). In fact, this youngster may rather get stuck in a vicious cycle of negative thoughts (i.e., rumination), leading to ever-worsening negative emotions.

In following *integrated* models of depression positing that adolescent ER may actually function as a mechanism through which reactive temperament traits increase vulnerability to developing depression \[[@pone.0224126.ref005], [@pone.0224126.ref006]\], the current study proposes ER strategies as a possible pathway linking reactive temperament traits to depressive symptoms.

Due to the prominence of the response style theory \[[@pone.0224126.ref029], [@pone.0224126.ref030]\]--which posits that rumination is a core vulnerability factor in depression--empirical research on integrated models of depression so far has focused predominately on clarifying the specific role of this maladaptive ER strategy in the reactive temperament--depression relationship \[[@pone.0224126.ref038], [@pone.0224126.ref039]\]. **Rumination** can be defined as repeatedly and passively thinking about one's negative emotions, its causes, and its consequences \[[@pone.0224126.ref040]\] and has been shown to mediate the effect of high levels of NE on depressive symptoms \[[@pone.0224126.ref026], [@pone.0224126.ref041]\]. These findings are in line with integrated models of depression stating that high NE is in itself a vulnerability factor to depression and, in addition, that it contributes developmentally to vulnerability, such as the tendency to ruminate \[[@pone.0224126.ref005], [@pone.0224126.ref040]\]. More specific, negative affect is theorized to engender repetitive, narrowed, and pessimistic thinking (i.e., rumination)--through its narrowing effects on the attentional scope \[[@pone.0224126.ref019]\]--which in turn leads to ever-worsening negative emotions and even depressive symptoms \[[@pone.0224126.ref042]\].

However, others also suggest that PE exerts distinct and beneficial effects on ER through the broadened attentional scope that is usually caused by positive emotions \[[@pone.0224126.ref043]\]. Based on empirical evidence showing that--contrary to negative emotions, which predict local biases (i.e., visual processing of local--rather than global--aspects) reflecting narrowed attention--positive emotions predict global biases (i.e., global--rather than local--visual analysis) reflecting broadened attention \[[@pone.0224126.ref044]\], it is theorized \[[@pone.0224126.ref045]\] that unlike negative emotions which restrict people's thought-action repertory (e.g., fight or flight), positive emotions broaden people's cognitive abilities and behavioral repertoires encouraging them to be open to new experiences and discover novel lines of thought or action \[[@pone.0224126.ref019]\]. Over time, these cognitive and behavioral responses in response to positive emotions may increase the tendency to use adaptive ER strategies that influence the experience of both positive *and* negative emotions elicited by one's reactive temperament. Essentially, it can be presumed that low PE predicts depressive symptoms through a lack of adaptive ER strategies. One adaptive ER strategy that fits within such a theoretical framework because it has been demonstrated to also increase positive affect \[[@pone.0224126.ref046]\] is positive refocusing. **Positive refocusing** refers to thinking about joyful and pleasant issues instead of pondering about the actual (stressful) event \[[@pone.0224126.ref047]\]. Other than ER strategies for the regulation of *positive* emotions such as savoring (i.e., the tendency to distract or redirect attention away from positive emotion in order to reduce it \[[@pone.0224126.ref048]--[@pone.0224126.ref050]\]), positive refocusing is considered to be an effective strategy for regulating *negative* emotions. Positive refocusing has demonstrated to be negatively associated with depressive symptoms in adolescents \[[@pone.0224126.ref047], [@pone.0224126.ref051], [@pone.0224126.ref052]\], while lower levels of positive refocusing have been found to predict the recurrence of depression in adults \[[@pone.0224126.ref053]\]. In addition, preliminary evidence in youth revealing that problems in positive refocusing play a specific role in understanding the low PE--depressive symptoms relation \[[@pone.0224126.ref028]\] suggests that this ER strategy may represent a key factor in furthering our understanding on why low PE heightens risk for developing youth depressive symptoms.

Given this theoretical and empirical background, it can be hypothesized that high NE and low PE each elicit a distinct pathway through which reactive temperament traits confer basic vulnerability for depression. More specific, the different aspects of reactive temperament are assumed to define different types of ER strategies with trait NE enhancing one's general tendency to use maladaptive ER strategies such as rumination through narrowing the attentional scope and trait PE contributing to the development of adaptive ER strategies such as positive refocusing through broadening the attentional scope. Unfortunately, depression research has largely been focusing on the role of one's general tendency to ruminate in the NE--depression relation, leaving much of the relation between PE and youth depression remains unknown.

In addition, most studies in youth have typically used a cross-sectional design \[[@pone.0224126.ref020], [@pone.0224126.ref054]\] or a two time-point prospective design \[[@pone.0224126.ref014]\] utilizing trait questionnaires to assess ER. These studies generally adopt a "trait approach" to ER--defining ER as one's generally stable tendencies to regulate one's own emotions, suggesting that there are stable differences *between* individuals in the ER strategies they tend to use \[[@pone.0224126.ref055]\]. However, some basic knowledge about the use of ER strategies in the context of youth's everyday life is lacking. First, while it is assumed that cognitive and behavioral responses to emotions indeed develop towards trait-like individual characteristics over time \[[@pone.0224126.ref056]\], evidence in adults suggests that there are also considerable differences *within* individuals in the daily use of ER strategies (i.e., changes from moment to moment) \[[@pone.0224126.ref057]\]. Yet, parallel evidence in youth is currently lacking and we cannot automatically apply this knowledge to children and adolescents. More specifically, ER strategies develop and change over the course of childhood and adolescence as children shift from being dependent on their parents for ER to being able to autonomously use ER strategies to influence the intensity and duration of emotion \[[@pone.0224126.ref058], [@pone.0224126.ref059]\]. As a result of brain maturation, youth shift from relying on basic external ER strategies, such as support seeking, to relying on internal ER strategies, such as distraction and cognitive reappraisal, which require higher cognitive control capacities \[[@pone.0224126.ref059], [@pone.0224126.ref060]\]. Hence, ER strategies develop across childhood and adolescence rather than remaining stable and trait-like. Second, it has been suggested that the momentary choice for a certain ER strategy may be influenced by emotional intensity \[[@pone.0224126.ref061]\]. However, it remains unclear how within-person differences in ER strategies are related to individual differences in emotional *reactivity* (i.e., reactive temperament). So, the proposition that the daily use of ER strategies is also--at least partially--driven by individual differences in reactive temperament traits has not been subjected to scrutiny thus far. Yet, it cannot be ruled out that there may be differences between the general and day-to-day relations between reactive temperament and ER strategies. It may be the case that one's general tendency to automatically engage in rumination (trait rumination) when feeling sad or depressed as a result of one's NE reactivity is less clear-cut in everyday life. In the context of daily life, resilient factors such as temperamental reactivity to positive emotions (PE) may play an imperative role by providing these youths with alternative ER strategies aside from rumination to cope with negative emotions from time to time. Perhaps NE and PE interact in predicting daily ER strategies: while NE may have a unique influence on whether or not someone is likely to develop an inclination to engage in rumination from a trait approach \[[@pone.0224126.ref040]\], it is plausible that NE and PE jointly exert their influence on the use of ER strategies in everyday life so that youth show fluctuations in the use of ER strategies from day to day. More specific, high PE may exert a buffering effect on the NE--ER relation in such a way that it reduces the extent to which rumination is used on a daily basis through broadening the scopes of attention and cognition and by initiating positive thought-feeling-action chains or 'upward spirals' (i.e., the reciprocal relation between positive emotions and personal recourses \[[@pone.0224126.ref062]\]) toward enhanced emotional wellbeing as a result of increases in daily positive affect \[[@pone.0224126.ref044]\]. Unfortunately, few researchers have adopted a "state approach" to ER, considering ER as a dynamic process. As a result, no study so far examined the role of the NExPE interaction for understanding state ER strategies in youth. Ideally, combining a cross-sectional design with a daily diary design could enable a more thorough examination of both the general and day-to-day relations among reactive temperament traits, ER strategies, and depressive symptoms.

The current study {#sec005}
-----------------

The central goal of the current study is to examine both the general and daily relations among reactive temperament traits, ER strategies, and depressive symptoms in youth using two different designs: a cross-sectional and a 7-day daily diary design. Based on integrated models of depression \[[@pone.0224126.ref005], [@pone.0224126.ref006]\], the current study has three aims. First, to replicate the findings pertaining to the well-established relation between NExPE and depressive symptoms in youth \[[@pone.0224126.ref015], [@pone.0224126.ref020]--[@pone.0224126.ref022]\] by examining whether NE and PE interact in predicting both cross-sectional--as well as daily depressive symptoms in youth. Second, to examine the mediating role of trait ER strategies in the reactive temperament--depressive symptoms relation in the cross-sectional study. Third, to explore the effects of NE and PE, and particularly their interaction, in understanding the state rumination and state positive refocusing in the daily diary study. Based on prior work \[[@pone.0224126.ref015], [@pone.0224126.ref020]--[@pone.0224126.ref022], [@pone.0224126.ref063], [@pone.0224126.ref064]\], we hypothesize that NE and PE will interact in explaining baseline depressive symptoms in the cross-sectional study, as well as in explaining daily symptoms in the daily diary study. Second, starting from a trait approach to ER \[[@pone.0224126.ref026], [@pone.0224126.ref028], [@pone.0224126.ref041]\], we hypothesize that distinct mechanisms will arise in the reactive temperament--depressive symptom relation with NE and PE each predicting baseline depressive symptoms through their unique effects on specific trait ER strategies in the cross-sectional study. More specifically, we hypothesize that trait rumination will significantly contribute in explaining the specific relation between NE--but not PE--and baseline depressive symptoms and that trait positive refocusing will significantly contribute in explaining the PE--but not the NE--symptoms relation. Lastly, given that the current study is the first to explore the effects of NE and PE on daily ER strategies, we are not able to substantiate our third hypothesis with empirical evidence. Nonetheless, starting from a state approach we hypothesize that NE and PE will interact in predicting state rumination and state positive refocusing. Given the gender and age differences in youth depressive symptomatology and ER strategies \[[@pone.0224126.ref005], [@pone.0224126.ref065]\], gender and age were included as covariates of no interest in all analyses to filter out the possible confounding effects these variables.

Method {#sec006}
======

Participants {#sec007}
------------

Participants were 531 Dutch speaking youth (35% boys) within an age range from 9 to 17 years (*M~age~* = 13.27, *SD* = 1.98). All participants lived in the Flemish region of Belgium. The majority of the families in the current sample were of upper middle (38%) or middle class (45%) socioeconomic status (SES) based on the parents\' educational level and current occupation \[[@pone.0224126.ref066]\]. Furthermore, 12.5% reported moderate depressive symptoms at baseline, whereas an additional 7.3% of youth reported severe depressive symptoms \[[@pone.0224126.ref067]\]. All participants came from different families.

Procedure {#sec008}
---------

The current study is part of larger research project on emotional wellbeing in youth at the Clinical Developmental Psychopathology Department of Ghent University. The protocol of the study was approved by the Ethical Committee of the Faculty of Psychology and Educational Sciences at Ghent University. Third-year psychology students were instructed to recruit two Dutch-speaking participants between age 10 and 16 of the Belgian--Flemish population with which they were not emotionally involved (no family, friends, etc.) and visit them at home. No other in- or exclusion criteria were put forward. After obtaining both child and parental written informed consent, participants were asked to fill out a paper and pencil test battery comprising measures of overall psychopathology, reactive temperament, and trait ER strategies in a separate room at home. During the assessment, one of the students remained present in the room to answer questions pertaining to the test battery. After completing the home-assessment, participants were asked to participate in the 7-day daily diary study (e.g., \[[@pone.0224126.ref068], [@pone.0224126.ref069], [@pone.0224126.ref070]\]). In the daily diary study, participants were instructed to fill out a shortened test battery on a secure online platform hosted by the Department of Developmental, Personality, and Social Psychology on their own computer at home, starting from the following Monday. The online test battery consisted of three scales assessing (daily) depressive symptoms, state rumination, and state positive refocusing. Participants were told to complete the diary on a daily basis before bedtime. The participants' parents were given standardized instructions and received a daily reminder by e-mail or by phone at the end of the day during that week. Participation was not remunerated.

Of all of the participants, 36 youth did not fill out the self-report questionnaires during the home visit. These youths did not significantly differ from the current sample in terms of gender and age (all *p*s *≥* .789). Furthermore, 62 children did not fill out the daily diary because they found it too time-consuming. These youths did not significantly differ from the remaining sample on gender, age, NE, PE, and depressive symptoms at baseline (all *p*s *≥* .142).

Preliminary analyses of the cross-sectional data suggested that the percentage of missing data ranged between 0% and 1.4% per item. Comparison of means and covariances of all variables using Little \[[@pone.0224126.ref071]\] MCAR-test produced a normed χ^2^ (χ^2^/df) of 1.05, *p* \> .30, indicating that the data were likely missing completely at random \[[@pone.0224126.ref072]\]. Consequently, missing item values were imputed following the expectation maximization (EM) algorithm available in SPSS 23 \[[@pone.0224126.ref073]\].

It is expected that in daily diary studies there will be missing data over the 7 days, as was the case in the current study. Participation across weekly assessment was acceptable. The average number of weekly assessments completed was 5.81 (*SD* = 1.85) out of a possible 7. In total, 59.4% (279) of participants completed all seven assessments, 14% (66) completed six assessments, 6.8% (32) completed five assessments, 4% (19) completed four assessments, 5.7% (27) completed three assessments, 4.3% (20) completed two assessments and 5.7% (27) completed one assessment. In order to retain all available information, a specific time point was dropped from the analyses when one time-point was missing instead of dropping a participant from the entire analyses. Comparison of youth that completed all daily assessments of the diary study and youth who didn't comply revealed that there were no significant differences between youth regarding gender, age, NE, PE, and depressive symptoms in the cross-sectional study, as well as daily levels of depressive symptoms in the daily diary study (all *p*s *≥* .253).

Cross-sectional measures {#sec009}
------------------------

### Reactive temperament {#sec010}

The trait version of the Positive and Negative Affectivity Schedule for Children (PANAS-C) \[[@pone.0224126.ref074]\] was used to assess reactive temperament. The PANAS-C has repeatedly been used as a measure of reactive temperament in youth \[[@pone.0224126.ref014], [@pone.0224126.ref021], [@pone.0224126.ref028], [@pone.0224126.ref054], [@pone.0224126.ref064], [@pone.0224126.ref075], [@pone.0224126.ref076]\] and asks participants about the *general* experience of emotion rather than a *specific*--more recent--timescale. The PANAS-C is a self-report instrument for children aged 7 to 14 years that contains 30 emotion-items. Participants rate the extent to which they *usually* experience each specific emotion on a 5-point Likert scale. The questionnaire consists of two subscales that assess negative emotionality (NE; 15 items) and positive emotionality (PE; 12 items). The PANAS-C has demonstrated good convergent and discriminant validity with scores on child and adolescent self-reports of depression and anxiety \[[@pone.0224126.ref074], [@pone.0224126.ref077]\]. Cronbach's alpha's in the current study were α = .86 and α = .78 for the NE and PE subscale respectively.

### Emotion regulation strategies {#sec011}

Trait rumination and trait positive refocusing were assessed using two subscales of the FEEL-KJ \[[@pone.0224126.ref078], [@pone.0224126.ref079]\]. The FEEL-KJ is a 90-item self-report measure assessing various ER strategies in response to anger, fear, and sadness in youth aged 8 to 18. Participants rate each item on a 5-point Likert scale from (1) "almost never" to (5) "almost always". In the current study, participants filled in the items for the ER scale "*rumination"* and the ER scale *"positive refocusing"*. Both scales consist out of 6 items and total scores comprise the general use of these ER strategies in response to anger, fear, and sadness. The FEEL-KJ has proven to be a valid and reliable questionnaire in children and adolescents \[[@pone.0224126.ref079], [@pone.0224126.ref080]\]. Internal consistency for the separate subscales in the current study was acceptable \[[@pone.0224126.ref081]\] with Cronbach's α = .68 for trait rumination and α = .82 for trait positive refocusing.

### Depressive symptoms {#sec012}

The Child Depression Inventory (CDI) \[[@pone.0224126.ref082]\], Dutch version by \[[@pone.0224126.ref083]\] was used to measure baseline depressive symptoms. The CDI is a 27-item self-report measure for youth aged 7 to 17 years to assess cognitive, affective, and behavioral symptoms of depression. Each item comprises three response options, which vary in severity, and are rated on a 3-point scale; children and adolescents select the one that characterized them best during the past 2 weeks. The CDI shows good psychometric qualities in terms of internal consistency and test-retest reliability in non-clinical youth \[[@pone.0224126.ref083]\]. Cronbach's alpha in the current sample was α = .85.

Daily measures {#sec013}
--------------

### State emotion regulation {#sec014}

State rumination and state positive refocusing were assessed using an adapted version of the "*rumination"* and the *"positive refocusing"* FEEL-KJ subscales \[[@pone.0224126.ref078], [@pone.0224126.ref079]\]. Each strategy was measured using six items that began with "When I felt angry/scared/sad today" and ended with "I wondered why I was feeling angry/scared/sad" and "I couldn't get it out of my head./I couldn't stop thinking about it" (state rumination) and "I thought about the things that make me happy." And "I thought about happy things" (state positive refocusing). Each item was rated on a 5-point Likert scale from (1) "almost never" to (5) "almost always" to indicate how they regulated their anger, fear, and sadness that day. For the seven subsequent within day Cronbach's alpha ranged between .70 and .82 for state rumination and .88 and .96 for state positive refocusing.

### Daily depressive symptoms {#sec015}

The Centre for Epidemiologic Studies Depression Scale Short Form (CES-D SF) \[[@pone.0224126.ref084]\] was used to assess daily depressive symptoms during one week. The CES-D comprises nine items of the original 20-item measure developed by \[[@pone.0224126.ref085]\], which has been adapted for youth ages 6--17 years \[[@pone.0224126.ref086]\]. Similar to the prospective diary study of \[[@pone.0224126.ref027]\], the items were modified in the current study to assess depressive symptoms on a daily basis by asking participants to rate how they felt and behaved during that particular day. Responses ranged from (0) "rarely or none of the time" to (3) "most or all of the time" for items such as, "I had trouble keeping my mind on what I was doing" and "I felt sad". The CES-D has shown strong convergent validity with other depression measures \[[@pone.0224126.ref085]\] and good psychometric properties for adolescents \[[@pone.0224126.ref086]\]. In the current study, within day Cronbach's alpha ranged between .82 and .85 for the seven subsequent days.

Data-analytic strategy {#sec016}
----------------------

### Cross-sectional analyses {#sec017}

First, regression analyses were conducted through multiple linear regression analysis (MLR) to test our first hypothesis i.e., whether NE and PE interact in predicting baseline depressive symptoms. Second, we ran two models to test our second hypothesis, i.e., whether trait rumination and trait positive refocusing differently contribute in explaining the temperament--baseline depressive symptoms relation. Following \[[@pone.0224126.ref087]\], the proposed models were tested using bootstrapping as provided by the PROCESS macro, an add-on utility for SPSS for conditional process modelling \[[@pone.0224126.ref088]\], which is a nonparametric resampling procedure that employs a bias-corrected bootstrap method with 1000 resamples to derive 95% confidence intervals (CI) for the indirect effects. Baseline depressive symptoms were entered as the dependent variable (DV), reactive temperament traits were successively entered as the independent variable (IV), trait rumination and trait positive refocusing were separately entered as the mediator (M) to test the two distinct pathways for understanding baseline depressive symptoms. All variables were standardized prior to computing our analyses.

### Daily diary analyses {#sec018}

Data were analysed within a multilevel framework using MLwiN \[[@pone.0224126.ref089]\] because the seven consecutive days (Level 1) were nested within the individuals (Level 2). In following \[[@pone.0224126.ref090]\] recommendations, variables at Level 1 reflecting within-youth predictors were centered around the individual's mean (group-mean centered) \[[@pone.0224126.ref090], [@pone.0224126.ref091]\] in order to eliminate the influence of Level 2 differences in the predictors for the analyses. Predictors at Level 2 reflecting between-youth predictors were centered around the grand mean (grand-mean centered) to improve the interpretation of the intercept values \[[@pone.0224126.ref090]\].

Prior to our main analyses, random intercept only models were used to estimate the variance partitioning coefficient (VPC), which reflects the proportion of variance in depressive symptoms, state rumination, and state positive refocusing situated between youth (Level 2). Second, random slope models were built by adding Time as a Level 1 predictor (testing whether on average there was change over time) and modelling the coefficient of Time random at Level 2 (testing whether the growth rate varied between individuals). To test our first hypothesis, i.e., whether NE and PE interact in predicting daily levels (i.e., intercepts) and trajectories (i.e., slopes) of depressive symptoms, baseline reactive temperament traits, their interaction, as well as cross-level interactions (temperament x time), were added to the random slope model for depressive symptoms. Next, in the interests of our third aim, i.e. to explore whether NE and PE interact in predicting the trajectories in state ER strategies, baseline reactive temperament traits, their interaction, as well as cross-level interactions, were included in the random slope models for state rumination and state positive refocusing consecutively to explore the role of NE and PE, as well as their interaction, in explaining the daily levels (i.e., intercepts) as well as (i.e., slopes) trajectories of state rumination and state positive refocusing respectively.

Results {#sec019}
=======

Means, standard deviations, and correlations between all variables are shown in [Table 1](#pone.0224126.t001){ref-type="table"}. Mean scores of all variables in the current sample are comparable to findings of previous studies in youth samples \[[@pone.0224126.ref079], [@pone.0224126.ref082], [@pone.0224126.ref083], [@pone.0224126.ref092], [@pone.0224126.ref093]\]. All variables were correlated in the hypothesized direction.

10.1371/journal.pone.0224126.t001

###### Variable correlations and descriptives.

![](pone.0224126.t001){#pone.0224126.t001g}

  Variables                       1                                             2                                             3                                             4                                            5                                            6                                             7                                            M (SD)         Min     Max
  ------------------------------- --------------------------------------------- --------------------------------------------- --------------------------------------------- -------------------------------------------- -------------------------------------------- --------------------------------------------- -------------------------------------------- -------------- ------- -------
  1\. NE                                                                                                                                                                                                                                                                                                                                                         33.29 (8.37)   16.00   61.00
  2\. PE                          -.19[\*\*](#t001fn003){ref-type="table-fn"}                                                                                                                                                                                                                                                                                    44.96 (6.00)   15.00   60.00
  3\. CDI                         .57[\*\*](#t001fn003){ref-type="table-fn"}    -.48[\*\*](#t001fn003){ref-type="table-fn"}                                                                                                                                                                                                                                      8.60 (5.85)    0.00    42.00
  4\. Positive refocusing         -.12[\*\*](#t001fn003){ref-type="table-fn"}   .30[\*\*](#t001fn003){ref-type="table-fn"}    -.28[\*\*](#t001fn003){ref-type="table-fn"}                                                                                                                                                                                        21.49 (4.59)   6.00    30.00
  5\. Rumination                  .39[\*\*](#t001fn003){ref-type="table-fn"}    -.08                                          .31[\*\*](#t001fn003){ref-type="table-fn"}    .06                                                                                                                                                                                  18.28 (4.36)   6.00    30.00
  6\. CES-D                       .41[\*\*](#t001fn003){ref-type="table-fn"}    -29[\*\*](#t001fn003){ref-type="table-fn"}    .59[\*\*](#t001fn003){ref-type="table-fn"}    -25[\*\*](#t001fn003){ref-type="table-fn"}   .28[\*\*](#t001fn003){ref-type="table-fn"}                                                                                              4.75 (3.53)    0.00    20.43
  7\. State positive refocusing   -.15[\*](#t001fn002){ref-type="table-fn"}     .21[\*\*](#t001fn003){ref-type="table-fn"}    -.23[\*\*](#t001fn003){ref-type="table-fn"}   .51[\*\*](#t001fn003){ref-type="table-fn"}   .05                                          -.17[\*\*](#t001fn003){ref-type="table-fn"}                                                18.30 (6.67)   6.00    30.00
  8\. Sate rumination             .17[\*\*](#t001fn003){ref-type="table-fn"}    -.04                                          .20[\*\*](#t001fn003){ref-type="table-fn"}    .03                                          .44[\*\*](#t001fn003){ref-type="table-fn"}   .41[\*\*](#t001fn003){ref-type="table-fn"}    .36[\*\*](#t001fn003){ref-type="table-fn"}   14.91 (4.58)   6.00    29.43

*Note*: NE = *negative emotionality*; PE = *positive emotionality*; CDI = *baseline depressive symptoms*; CES-D = *mean of daily depressive symptoms over the 7 consecutive days*

\* *p* \< .05

\*\* *p* \< .01

Cross-sectional analyses {#sec020}
------------------------

### Do NE and PE interact in predicting baseline depressive symptoms? {#sec021}

Results ([Table 2](#pone.0224126.t002){ref-type="table"}; Model 1) support our first hypothesis that NE and PE interact in predicting baseline depressive symptoms (*β* = -.16, *t* (489) = -4.75, *p* \< .001, sr^2^ = .02). As visualized in [Fig 1](#pone.0224126.g001){ref-type="fig"}, the significant interaction was interpreted by plotting the simple regression lines for the high (+1SD) and low (-1SD) values of PE. Although NE was significantly and positively associated with baseline depressive symptoms at both levels of PE, the effect was less pronounced at high PE (*β* = .35, *t* (489) = 7.80, *p* \< .001) compared to low PE (*β* = .58, *t* (489) = 15.62, *p* \< .001).

![The interaction effect between negative emotionality (NE) and positive emotionality (PE) in the prediction of baseline depressive symptoms .](pone.0224126.g001){#pone.0224126.g001}

10.1371/journal.pone.0224126.t002

###### Cross-sectional analyses for the mediation models including trait rumination (Model 2 and 3) and trait positive refocusing (Model 4 and 5).

![](pone.0224126.t002){#pone.0224126.t002g}

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                              Model 1\                                                                Model 2\                                                               Model 3\                                                          Model 4\                                                               Model 5\
                              B (SE(B))                                                               B (SE(B))                                                              B (SE(B))                                                         B (SE(B))                                                              B (SE(B))
  --------------------------- ----------------------------------------------------------------------- ---------------------------------------------------------------------- ----------------------------------------------------------------- ---------------------------------------------------------------------- ---------------------------------------------------------------------
  Gender                      -.05 (.02)[\*\*](#t002fn003){ref-type="table-fn"}                       -.07 (.02)[\*\*](#t002fn003){ref-type="table-fn"}                      -.05 (.02)[\*\*](#t002fn003){ref-type="table-fn"}                 .03 (.02)                                                              -.05 (.02)[\*\*](#t002fn003){ref-type="table-fn"}

  Age                         .06 (.02)[\*\*](#t002fn003){ref-type="table-fn"}                        .07 (.02)[\*\*](#t002fn003){ref-type="table-fn"}                       .05 (.02)[\*\*](#t002fn003){ref-type="table-fn"}                  -.04 (.02)                                                             .05 (.02)[\*\*](#t002fn003){ref-type="table-fn"}

  NE                          .47 (.03)[\*\*\*](#t002fn004){ref-type="table-fn"}                      .40 (.04)[\*\*\*](#t002fn004){ref-type="table-fn"}                     .46 (.04)[\*\*\*](#t002fn004){ref-type="table-fn"}                -.08 (.05)                                                             .49 (.03)[\*\*\*](#t002fn004){ref-type="table-fn"}

  PE                          -.35 (.03)[\*\*\*](#t002fn004){ref-type="table-fn"}                     .03 (.04)                                                              -.37 (.03)[\*\*\*](#t002fn004){ref-type="table-fn"}               .27 (.05)[\*\*\*](#t002fn004){ref-type="table-fn"}                     -.34 (.03)[\*\*\*](#t002fn004){ref-type="table-fn"}

  NExPE                       -.12 (.03)[\*\*\*](#t002fn004){ref-type="table-fn"}                     -.02 (.03)                                                                                                                               -.03 (.03)                                                             

  Trait rumination                                                                                                                                                           .08 (.04)[\*](#t002fn002){ref-type="table-fn"}                                                                                           

  Trait positive refocusing                                                                                                                                                                                                                                                                                           -.11 (.03)[\*\*](#t002fn003){ref-type="table-fn"}

  **R^2^**                    .51                                                                     .18                                                                    .49                                                               .10                                                                    .50

  **Change statistics**       *F* Change (3, 489) = 156.94[\*\*\*](#t002fn004){ref-type="table-fn"}   *F* Change (3, 489) = 31.91[\*\*\*](#t002fn004){ref-type="table-fn"}   *F* Change (1, 489) = 5.62[\*](#t002fn002){ref-type="table-fn"}   *F* Change (3, 489) = 15.04[\*\*\*](#t002fn004){ref-type="table-fn"}   *F* Change (1, 489) = 10.38 [\*\*](#t002fn003){ref-type="table-fn"}
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note*: NE = *negative emotionality*; PE = *positive emotionality*; CDI = *baseline depressive symptoms*

\* *p* \< .05

\*\* *p* \< .01

\*\*\* *p* \< .001

### Does trait rumination contribute in explaining the specific relation between NE and baseline depressive symptoms? {#sec022}

Consistent with our second hypothesis, results ([Fig 2](#pone.0224126.g002){ref-type="fig"}; [Table 2](#pone.0224126.t002){ref-type="table"}; Model 2 and 3) revealed that the indirect effect of NE on depressive symptoms through trait rumination was significant (*β* = .03, *SE* = .01, *z* = 2.29, 95% CI \[.01,.06\], *p* = .022), suggesting that high levels of NE predicted higher baseline depressive symptoms through its effect on trait rumination, i.e., a larger tendency to use this strategy. Notably, the direct effect of NE on baseline depressive symptoms remained significant, indicating a partial mediation. No significant relation was found between PE and trait rumination (*p* = .485).

![Results for the cross-sectional mediation analyses.](pone.0224126.g002){#pone.0224126.g002}

### Does trait positive refocusing contribute in explaining the specific relation between PE and baseline depressive symptoms? {#sec023}

Also consistent with our second hypothesis, results ([Fig 2](#pone.0224126.g002){ref-type="fig"}; [Table 2](#pone.0224126.t002){ref-type="table"}; Model 4 and 5) revealed that the indirect effect of PE on depressive symptoms through trait positive refocusing was significant (*β* = -.03, *SE* = .01, *z* = -2.80, 95% CI \[-.06, -.01\], *p* = .005), leading us to conclude that higher PE predicted lower baseline depressive symptoms through its effect on trait positive refocusing, i.e., a lower use of this strategy. Markedly, the direct effect of PE on depressive remained significant, indicating a partial mediation. No significant relation was found between NE and trait positive refocusing (*p* = .097).

In short, results pertaining our second aim support the hypothesis that NE and PE each provide unique pathways in explaining vulnerability to depression: trait rumination partially explained the specific relation between NE and baseline depressive symptoms, whereas trait positive refocusing partially explained the PE--but not the NE--symptoms relation.

Daily diary analyses {#sec024}
--------------------

The VPC derived from the random intercept only models indicated that 61.6% of the variance in daily depressive symptoms was situated between youth. With regard to state rumination and state positive refocusing, the VPC revealed that 66.4% and 75.0% of the variance reflected between-youth differences respectively. In addition, random slope models were fitted for core study variables before running the main analyses. Results from these models ([Table 3](#pone.0224126.t003){ref-type="table"}) revealed that daily depressive symptoms (Model 1) as well as state rumination (Model 1R) and state positive refocusing (Model 1PR) generally decreased as the week progressed, as indicated by the negative time-coefficient.

10.1371/journal.pone.0224126.t003

###### Daily depressive symptoms, state rumination (R) and state positive refocusing (PR) as a function of reactive temperament.

![](pone.0224126.t003){#pone.0224126.t003g}

                          Model 1                                                 Model 2                                               Model R1                                                Model R2                                                Model PR1                                               Model PR2
  ----------------------- ------------------------------------------------------- ----------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- ------------------------------------------------------- -------------------------------------------------------
  **Fixed parameters**                                                                                                                                                                                                                                                                                          
  Constant                5.58 (.20)[\*\*\*](#t003fn004){ref-type="table-fn"}     5.48 (.25)[\*\*\*](#t003fn004){ref-type="table-fn"}   16.32 (.21)[\*\*\*](#t003fn004){ref-type="table-fn"}    11.72 (1.40)[\*\*\*](#t003fn004){ref-type="table-fn"}   18.69 (.24)[\*\*\*](#t003fn004){ref-type="table-fn"}    15.99 (1.84)[\*\*\*](#t003fn004){ref-type="table-fn"}
  Time                    -.18 (.03)[\*\*\*](#t003fn004){ref-type="table-fn"}     -.18 (.03)[\*\*\*](#t003fn004){ref-type="table-fn"}   -.45 (.04)[\*\*\*](#t003fn004){ref-type="table-fn"}     -.46 (.04)[\*\*\*](#t003fn004){ref-type="table-fn"}     -.18 (.05)[\*\*\*](#t003fn004){ref-type="table-fn"}     -.20 (.05)[\*\*\*](#t003fn004){ref-type="table-fn"}
  **Initial status**                                                                                                                                                                                                                                                                                            
  Gender                                                                          .02 (.30)                                                                                                     1.00 (.42)[\*](#t003fn002){ref-type="table-fn"}                                                                 1.38 (.55)[\*](#t003fn002){ref-type="table-fn"}
  Age                                                                             .31 (.08)[\*\*\*](#t003fn004){ref-type="table-fn"}                                                            .30 (.10)[\*\*](#t003fn003){ref-type="table-fn"}                                                                0.134 (.14)
  NE                                                                              .18 (.02)[\*\*\*](#t003fn004){ref-type="table-fn"}                                                            .10 (.02)[\*\*\*](#t003fn004){ref-type="table-fn"}                                                              -0.11 (.03)[\*\*\*](#t003fn004){ref-type="table-fn"}
  PE                                                                              -.19 (.03)[\*\*\*](#t003fn004){ref-type="table-fn"}                                                           .02 (.04)                                                                                                       .23 (.05)[\*\*\*](#t003fn004){ref-type="table-fn"}
  NE x PE                                                                         -.01 (.00)[\*](#t003fn002){ref-type="table-fn"}                                                               -.00 (.00)                                                                                                      -.00 (.00)
  **Rate of change**                                                                                                                                                                                                                                                                                            
  NE x time                                                                       -.01 (.00)                                                                                                    -.01 (.01)[\*\*](#t003fn003){ref-type="table-fn"}                                                               .00 (0.01)
  PE x time                                                                       .01 (.01)[\*](#t003fn002){ref-type="table-fn"}                                                                -.00 (.01)                                                                                                      .01 (.01)
  NE x PE x time                                                                  -.00 (.00)                                                                                                    -.00 (.00)                                                                                                      -.00 (.00)
  **Random Parameters**                                                                                                                                                                                                                                                                                         
  $\sigma_{u0}^{2}$       13.61 (1.15)[\*\*\*](#t003fn004){ref-type="table-fn"}   8.38 (.80)[\*\*\*](#t003fn004){ref-type="table-fn"}   16.33 (1.34)[\*\*\*](#t003fn004){ref-type="table-fn"}   14.55 (1.22)[\*\*\*](#t003fn004){ref-type="table-fn"}   28.18 (2.22)[\*\*\*](#t003fn004){ref-type="table-fn"}   25.38 (2.03)[\*\*\*](#t003fn004){ref-type="table-fn"}
  *σ*~*u*0*u*1~           -.53 (31)[\*\*\*](#t003fn004){ref-type="table-fn"}      -.33 (.13)[\*\*](#t003fn003){ref-type="table-fn"}     -.13 (.18)                                              .01 (.17)                                               .62 (.30)[\*](#t003fn002){ref-type="table-fn"}          .57 (.29)[\*](#t003fn002){ref-type="table-fn"}
  $\sigma_{u1}^{2}$       .17 (.03)[\*\*\*](#t003fn004){ref-type="table-fn"}      .15 (.03)[\*\*\*](#t003fn004){ref-type="table-fn"}    .34 (.04)[\*\*\*](#t003fn004){ref-type="table-fn"}      .33 (.05)[\*\*\*](#t003fn004){ref-type="table-fn"}      .72 (.08)[\*\*\*](#t003fn004){ref-type="table-fn"}      .71 (.08)[\*\*\*](#t003fn004){ref-type="table-fn"}
  $\sigma_{e0}^{2}$       6.54 (.22)[\*\*\*](#t003fn004){ref-type="table-fn"}     6.53 (.22)[\*\*\*](#t003fn004){ref-type="table-fn"}   6.77 (.23)[\*\*\*](#t003fn004){ref-type="table-fn"}     6.77 (.23)[\*\*\*](#t003fn004){ref-type="table-fn"}     8.87 (.30)[\*\*\*](#t003fn004){ref-type="table-fn"}     8.87 (.30)[\*\*\*](#t003fn004){ref-type="table-fn"}
  **Deviance**            13616.04                                                13429.67                                              13959.28                                                13916.75                                                14911.67                                                14866.97

*Note*: The reference category for gender was male. NE = *negative emotionality*; PE = positive emotionality; $\sigma_{u0}^{2}$ = between-person variance; $\sigma_{u1}^{2}$ = variance in the slope; $\sigma_{e0}^{2}$ = within-person variance; *σ*~*u*0*u*1~ = *covariance between random intercept and random slope;* Model 1 = *random slope model for depressive symptoms;* Model 2 = *inclusion of gender*, *age*, *reactive temperament traits and the NExPE interaction term to Model 1*; Model R1 = *random slope model for state rumination;* Model R2 = *inclusion of the main effects of reactive temperament traits and the NExPE interaction term to Model R1;* Model PR1 = *random slope model for state positive refocusing;* Model PR2 = *inclusion of the main effects of reactive temperament traits and the NExPE interaction term to Model PR1*.

\* *p* \< .05

\*\* *p* \< .01

\*\*\* *p* \< .00

### Do NE and PE interact in explaining daily depressive symptoms? {#sec025}

Consistent with our first hypothesis, results ([Table 3](#pone.0224126.t003){ref-type="table"}; Model 2) revealed that NE and PE interact in explaining daily (i.e., intercepts) depressive symptoms (*χ*^2^(1) = 4.29, *p* = .038). [Fig 3](#pone.0224126.g003){ref-type="fig"} shows the prediction plot for depressive symptoms at day 1 for youth low (-1SD) or high (+1SD) in NE in combination with low (-1SD) or high (+1SD) PE levels. This plot shows that the effect of high levels of NE was less pronounced at high PE compared to low PE. Combined, NE and PE, as well as their interaction, explained 34.17% of the variance in daily depressive symptom. Contrary to our expectations, no significant effects were found for the NExPE interaction on trajectories (i.e., slopes) of depressive symptoms (*p* = .950). Surprisingly, further inspection of the main effects of NE and PE revealed while NE did also not significantly relate to trajectories of depressive symptoms (*p* = .145), PE did significantly predict these trajectories (*χ*^2^(1) = 6.10, *p* = .014). More specifically, youth high in PE showed a steeper decrease in symptoms throughout the week. Temperament explained 11.77% of the variance in the trajectories of depressive symptoms.

![The interaction effect between negative emotionality (NE) and positive emotionality (PE) in the prediction of daily depressive symptoms .](pone.0224126.g003){#pone.0224126.g003}

### Do NE and PE interact in explaining state rumination? {#sec026}

Results ([Table 3](#pone.0224126.t003){ref-type="table"}; Model R2) pertaining our third aim revealed that NE, but not PE, was significantly and positively associated with the intercepts of state rumination (*χ*^2^(1) = 16.87, *p* \< .001) showing that youth high in NE reported a higher use of state rumination at day 1. Temperament explained 10.90% of the variance in daily levels of state rumination. Additionally, NE exerted a significant effect on trajectories (i.e., slopes) of state rumination (*χ*^2^(1) = 6.65, *p* = .01), revealing that youth high in NE showed a slower decrease in the use of rumination throughout the week. Nor the NExPE interaction, nor PE were significantly predictive for trajectories of state rumination (all *p*s ≥ .260). Temperament explained 2.94% of the variance in trajectories of state rumination.

### Do NE and PE interact in explaining state positive refocusing? {#sec027}

Results ([Table 3](#pone.0224126.t003){ref-type="table"}; Model PR2) revealed that PE was significantly and positively associated with the intercepts of state positive refocusing (*χ*^2^(1) = 22.95, *p* \< .001), showing that youth high in PE reported a higher use of state positive refocusing on day 1. Temperament explained 9.94% of the daily levels of state positive refocusing. To our surprise, NE was also significantly related to the intercepts of state positive refocusing (*χ*^2^(1) = -10.33, *p* = .001) so that youth high in NE reported a lower use of positive refocusing on the first day. Nor the NExPE interaction, nor NE and PE were significantly predictive for trajectories (i.e., slopes) of state positive refocusing (all *p*s ≥ .089). Temperament explained 8.06% of the variance in trajectories of state positive refocusing.

Discussion {#sec028}
==========

The current study aimed to further clarify the general and daily relations among reactive temperament traits, ER strategies, and depressive symptoms in youth age 9 to 17 years using two different designs: a cross-sectional design and a 7-day daily diary design. Overall, the current study had three main findings pertaining to our aims. First, as predicted, NE and PE interacted in explaining baseline depressive symptoms in the cross-sectional study, as well as in explaining daily symptom levels in the daily diary study. Second, results confirm our hypothesis that NE and PE each predict baseline depressive symptoms through their unique effects on trait ER strategies in the cross-sectional study. Third, whereas NE and PE did not interact in explaining within-person changes in state ER strategies in the daily diary study, the exploratory analyses revealed that NE was significantly related to trajectories of state rumination. These results contribute to a more nuanced understanding of the relation between reactive temperament traits and depressive symptoms in youth as previously posited by biological-affective and cognitive-behavioral models of depression, suggesting that ER strategies may function as a mechanism through which reactive temperament traits increase vulnerability to depression.

The first aim sought to replicate previous findings pertaining to the relation between reactive temperament traits and depressive symptoms in adolescents. Consistent with our hypotheses, NE and PE interacted in predicting higher baseline and daily depressive symptoms suggesting that high PE serves as a buffer in the positive relation between high NE and depressive symptoms \[[@pone.0224126.ref015], [@pone.0224126.ref020]--[@pone.0224126.ref022]\]. By reducing the impact of negative affect, high PE may thus constitute a resilience factor that buffers against depressive symptoms \[[@pone.0224126.ref094]\]. However, it should be of note that the additional amount of variance that was explained by adding the NExPE interaction to the model for explaining depressive symptoms was rather low in both studies. Furthermore, the exploratory analyses revealed that, contrary to what is to be expected from a state approach, the NExPE interaction did not appear to be of significant importance for predicting trajectories of depressive symptoms in the daily diary study. In fact, our findings suggest that temperamental PE, rather than the dynamic interplay between NE and PE, is essential to a more profound understanding of these trajectories.

More specifically, the analyses revealed that PE, but not NE, predicted prospective trajectories of depressive symptoms across a one-week period, revealing that with higher levels of PE, depressive symptoms showed a steeper decrease throughout the week. This tentative finding advocates for a more nuanced view on the role of NE for understanding depressive symptoms and further calls for differentiating the effects of positive emotions from those of negative emotions \[[@pone.0224126.ref062]\]. More specifically, it can be suggested that being high in PE may make youth more reactive to and aware of the positive things in everyday life. The subsequent positive emotions may not only feel good in the present, but also increase the likelihood that one will feel good in the future \[[@pone.0224126.ref044]\]. Hence, the positive emotions resulting from facing more positive experiences throughout the day may provide positive thought-feeling-action chains (i.e., 'upward spirals') for youth high in PE \[[@pone.0224126.ref044]\], which in turn contribute substantially to one's overall mood and emotional wellbeing \[[@pone.0224126.ref062], [@pone.0224126.ref095]\]. Despite the fact that evidence in adults collected through the experience sampling method (ESM) \[[@pone.0224126.ref096]\] advocates for the emotion context insensitivity view of MDD which characterizes its core affective pathology in terms of a generalized blunting of both negative and positive affect reactivity to negative and positive stimuli \[[@pone.0224126.ref097]\], the current study only provides partial evidence for such a view in non-clinical youth. In fact, our findings are in line with the large body of research documenting reward deficits in depression (i.e., reduced sensitivity to rewarding outcomes) \[[@pone.0224126.ref098], [@pone.0224126.ref099]\] and fit within the positive attenuation view for understanding MDD \[[@pone.0224126.ref100]\] which characterizes its core affective pathology in terms of reduced positive affect reactivity to positive stimuli and thus predicts that depressed individuals with the lowest reactivity to positive stimuli will have the worst MDD course.

The second aim sought to clarify the relation between reactive temperament traits, trait ER, and depressive symptoms in youth. Based on integrated models of depression \[[@pone.0224126.ref005], [@pone.0224126.ref006]\] it was hypothesized that the overall association between reactive temperament traits and youth's depressive symptoms can be explained by trait ER strategies. Results of the cross-sectional study provide preliminary evidence for our hypothesis that NE and PE each provide unique pathways in defining basic vulnerability to depression. More specifically, trait rumination explained the specific relation between NE and baseline depressive symptoms, whereas trait positive refocusing explained the PE--but not the NE--symptoms relation. This is consistent with previous studies assessing ER strategies by using trait questionnaires, which repeatedly found evidence for the mediating role of trait rumination in the relation between NE and youth depressive symptoms both cross-sectionally \[[@pone.0224126.ref014], [@pone.0224126.ref054]\] and longitudinally \[[@pone.0224126.ref014], [@pone.0224126.ref025], [@pone.0224126.ref041]\]. Our findings add to the scarce literature on PE and adaptive ER strategies, indicating that PE may similarly predict depressive symptoms through a lack of adaptive ER strategies such as trait positive refocusing \[[@pone.0224126.ref028]\] and are commensurate with the findings of a recent study of \[[@pone.0224126.ref094]\] conducted in adults, suggesting that there may be different pathways that underlie depressive symptoms. \[[@pone.0224126.ref094]\] suggest that for some individuals, one pathway to depression may be heightened reactivity to stress or negative affect, whereas for others, this may be initiated by a diminished favourable impact of positive affect. Our findings further built on this proposition by suggesting that the temperament-related differential use of trait ER strategies may be one mechanism underlying these distinct pathways.

The third and last research line aimed at clarifying the relation between temperament and the daily use of ER strategies in youth given that fewer studies have adopted a "state approach" to ER strategies. Whereas the exploratory analyses did not provide evidence for the assertion that NE and PE interact in predicting state ER strategies, several interesting findings emerged. First, results revealed that NE significantly contributed to explaining the trajectories of state rumination, showing that with higher levels of NE the use of state rumination showed a less steep decrease as the week progressed. This finding lines up with numerous previous studies adding further support to the robust predictive role of NE for the use of rumination in youth \[[@pone.0224126.ref013], [@pone.0224126.ref014], [@pone.0224126.ref041], [@pone.0224126.ref054]\] and suggest that PE does not play a crucial role in understanding the general, nor the daily use, of this ER strategy. Furthermore, this result adds to the previous findings of studies using the EMA in clinical youth (9--13 years \[[@pone.0224126.ref101]\]) revealing that--in comparison to healthy controls--youth diagnosed with an anxiety disorder are not only more reactive to stressful events (which may be elicited by their heightened levels of NE) but are also less effective at down-regulate negative emotions as indicated by a higher use of state rumination.

Second, whereas PE, but not NE, appeared to be significantly related to *trait* positive refocusing in the expected direction, both NE and PE were significantly associated with *state* positive refocusing. These findings suggest that, whereas one's general tendency to incorporate positive refocusing into one's 'trait ER strategy repertoire' may be mainly determined by PE, the daily use of this strategy may be influenced by both temperament traits. Hence, the specific effects of NE and PE on the daily use of ER strategies may not be as clear-cut. Despite the effects of one's temperament on trait and intercepts of state positive refocusing, the exploratory analyses suggest that neither the NExPE interaction, nor NE and PE significantly contributed to explaining the trajectories of state positive refocusing in the daily diary study. A possible explanation for this tentative finding may be found in the fact that we used a non-clinical sample. Indeed, both mean baseline CDI scores and daily CES-D scores revealed that levels of depressive symptoms were rather low among our sample. It may be that adaptive ER strategy use is more stable among non-clinical youth, whereas clinically depressed youth show more fluctuations in the use of adaptive ER skills. For example, it may be that clinically depressed youth use little to no adaptive ER strategies when they have a "bad day", whereas they do (try to) adopt such strategies when they are feeling better and have more energy.

Although not of primary interest, results revealed that age was significant in predicting depressive symptoms in both studies--a finding that aligns with the marked increase in prevalence rates of depression during adolescence \[[@pone.0224126.ref102]\]. Consistent with previous work \[[@pone.0224126.ref103]\], age was also significantly associated with trait and state rumination indicating that the use of this ER strategy increases with age. This increase in rumination may be the result of the attainment of a more fully conscious, self-directed, and self-regulating mind during adolescents \[[@pone.0224126.ref104]\] and the heightened stress levels that accompany the adolescent period \[[@pone.0224126.ref030]\]. Our finding that gender significantly predicted baseline depressive symptoms reflects the well documented gender difference in adolescent depression \[[@pone.0224126.ref005], [@pone.0224126.ref105], [@pone.0224126.ref106]\], showing that girls experience increases in depressive symptoms in early adolescence, while boys do not develop higher symptom levels until late adolescence \[[@pone.0224126.ref107]\]. Lastly, the finding that girls reported more trait and state rumination is consistent with previous findings that girls demonstrate greater ruminative response style tendencies beginning in early adolescence \[[@pone.0224126.ref030], [@pone.0224126.ref108]\]. These findings underline the necessity to take into account gender and age differences when studying ER strategies and depressive symptoms in youth.

To end, it should be acknowledged that in the daily diary study most of the variation in state ER strategies occurred between youth, rather than within youth. This is in contrast with previous studies which found most of the variation in state ER strategies to occur across different situations or days (within individuals), rather than across individuals (between individuals) in (young) adult samples when using the ESM \[[@pone.0224126.ref057]\] or a daily diary approach \[[@pone.0224126.ref109]\]. This led researchers to conclude that state ER strategy selection may be driven more by contextual factors such as the intensity of the emotion eliciting event \[[@pone.0224126.ref110]\] than by enduring (temperamental) characteristics \[[@pone.0224126.ref057], [@pone.0224126.ref109]\] and that individuals may adapt their state ER strategy use depending on situational demands \[[@pone.0224126.ref061], [@pone.0224126.ref111]\]. However, our finding that most of the variation in state ER strategies occurred between youth, rather than within youth, is consistent with the trait approach to ER and lines up with the findings of our cross-sectional study as well as with previous research suggesting that there are also stable differences between individuals in the ER strategies they tend to use \[[@pone.0224126.ref055]\]. While these findings may seem contradictory at first, they are not necessarily mutually exclusive. As stated by \[[@pone.0224126.ref057]\] both the situation and the person may play a role in the use of ER strategies. More specifically, it could be that reactive temperament traits contribute to defining one's habitual ER repertoire (trait ER strategies), whereas in daily life also other factors, such as contextual factors, stressors, emotional intensity, and/or personal goals may be decisive in determining which strategy of the ER repertoire is used in a given situation (state ER strategies). In addition, it may be that differences in the design of previous studies may have contributed to explaining the differences in the variance partitioning. As an illustration, in the study of \[[@pone.0224126.ref057]\], participants were prompted ten times a day to report their use of several ER strategies since the previous sampling moment. Such an ESM design provides different assessments during one day, whereas end-of-day studies only provide one (retrospective) assessment. This may explain why more within-variation was found in the \[[@pone.0224126.ref057]\] studies. Similarly, the age difference between the sample of our study and the samples included in the study of \[[@pone.0224126.ref057]\] (participants aged 18 to 35) and \[[@pone.0224126.ref109]\] (first year college students; *M~age~* = 18 years) may also provide an explanation for the discrepancy in the findings. Since previous research has shown that adolescents tend to use less cognitive ER strategies than adults \[[@pone.0224126.ref047]\], it may be that the (young) adults included in previous studies have more advanced ER strategies at their disposal in comparison to the children and adolescents included in the current study. Likewise, youth gradually develop the cognitive maturity needed to adopt ER strategies that require more cognitive resources *throughout* the adolescent phase \[[@pone.0224126.ref059], [@pone.0224126.ref060]\] Consequently, more complex cognitive ER strategies such as positive refocusing may be less accessible in the younger part of our sample as cognitive control functions may not be fully developed yet \[[@pone.0224126.ref104], [@pone.0224126.ref112]\]. However, since we controlled for age in all analyses, it is less likely that age-differences in ER strategies may have confounded the results in the current study. Lastly, (young) adults may shift more between ER strategies depending on the situational demands, whereas in youth, the ER repertoire may still be more limited and ER choice may be more dependent on one's reactive temperament. Future research will need to clarify which of the explanations listed above holds true.

Clinical implications {#sec029}
---------------------

First, the finding that NE and PE each provide unique pathways in predicting concurrent depressive symptomatology in average youth suggests that (preventive) ER interventions may need to be personalized in order to adequately target the relevant pathway for each individual. More specifically, the cross-sectional findings suggest that some individuals will benefit from focusing on the reduction of maladaptive ER strategies such as trait rumination \[[@pone.0224126.ref113]\] while others will profit from learning new adaptive ER strategies such as trait positive refocusing \[[@pone.0224126.ref114]\]. Although our findings are limited to a community sample of youth, this call for personalized care is also emphasized in clinical studies providing strong indications that different pathways of emotional dynamics may underlie depressive symptomatology \[[@pone.0224126.ref094]\]. Additional exploratory analyses in the subgroup of youth reporting severe symptomatology, to explore the generalizability of our findings, suggest that clinical youth will especially profit from focusing on the reduction of trait rumination. A finding that is consistent with the theoretical propositions following from integrated models of depression.

Second, our finding that PE--but not NE--significantly predicted daily depressive symptoms in average youth suggests that it may be important for prevention programs to not only focus on alleviating negative emotions but also on enhancing positive emotions by making youth low in PE aware that positive emotions and their consequent upward spirals can be self-generated \[[@pone.0224126.ref062]\]. Improving positive emotional functioning may not only alleviate symptoms, but also enhance resilience \[[@pone.0224126.ref115]\].

Limitations and future directions {#sec030}
---------------------------------

Several limitations of the current study warrant discussion. First, the current study exclusively depends on self-report measures. Such an approach is susceptible to common method bias, social desirability bias, and memory bias \[[@pone.0224126.ref116], [@pone.0224126.ref117]\]. Another potential concern of self-report studies involving temperament and depressive symptoms is that symptom levels may have influenced how youth answered items on the self-report measure assessing temperament. For example, youth experiencing depressive symptoms may perceive themselves as experiencing more negative and less positive emotions in general as a result of their current emotional problems, such as sad mood or the inability to experience positive emotions. Researchers have stated that ER may frequently function automatically, outside of conscious awareness \[[@pone.0224126.ref118], [@pone.0224126.ref119]\]. When relying on self-report measures one can only investigate ER strategies that are used consciously, since these strategies are accessible for introspection. Therefore, future research should aim at investigating how automatic ER processes can be reliably measured and how they influence emotional functioning in everyday life. Second, we did not control for (hypo)manic symptoms, neither the presence of other internalizing problems such as symptoms of anxiety. Since there is a high comorbidity amongst these problems \[[@pone.0224126.ref120]\], further research should also include measures assessing these symptoms in order to clarify whether the found results are specific to depression. Third, results are based on data of a convenience sample of Belgian--Flemish youth and may not be generalizable to Western youth or other (clinical) population groups. While research in a general population sample such as ours serves as a starting point to explore the mechanisms underlying the emotional dynamics in the flow of everyday life, future research in at-risk and clinical population samples is indicated.

Another drawback of the current study is that we only selected two ER strategies: rumination and positive refocusing. Yet, more ER strategies exist. For example, depression has been related to problems with problem solving (i.e., cognitive and behavioural processes by which an individual attempts to identify or discover effective or adaptive solutions for stressful problems \[[@pone.0224126.ref121]\]) and reappraisal (i.e., reinterpreting the meaning or value of a negative event \[[@pone.0224126.ref007]\]) as well as the use of maladaptive ER strategies such as avoiding or suppressing negative emotions \[[@pone.0224126.ref038]\]. On a related note, it has been suggested that youth may often use multiple ER strategies in parallel \[[@pone.0224126.ref032], [@pone.0224126.ref122]\]. An important avenue for future research will thus be to investigate a more exhaustive selection of ER strategies simultaneously, instead of studying ER strategies in isolation, to further disentangle the role of ER strategies for experiencing depressive symptoms in everyday life.

Third, the findings pertaining trait ER strategies are limited by a cross-sectional design that cautions against causal inference. Also, relying on cross-sectional data may yield biased estimates of the longitudinal relation between temperament, trait ER strategies, and depressive symptoms (see \[[@pone.0224126.ref123]\]). As a result, it cannot be ruled out that other pathways exist. For example, depressive symptoms may also lead youth to ruminate even more, which in turn increases negative affect. Furthermore, difficulties in trait ER strategies may lead to more depressive symptoms because over time, trait rumination increases negative affect. Previous research has shown the relations between ER strategies and psychological adjustment to be mediated by experienced affect \[[@pone.0224126.ref057]\]. Unfortunately, we did not look at the immediate effects of the state ER strategies on daily affect in the daily diary study. Given the dearth of prior prospective designs, especially in youth, another challenge for future research is to investigate the relations among reactive temperament traits, state ER strategies, symptoms, as well as negative and positive affect longitudinally to disentangle how ER strategies truly relate to the different aspects of emotional functioning.

Fourth, several drawbacks pertain to the use of a 7-day daily diary design in the current study. Even though this methodology is considered to be more ecologically valid than retrospective questionnaires, it remains sensitive to memory biases. Moreover, end-of-day diaries ask youth to what extent they used a certain ER strategy or whether they experienced depressive symptoms over the course of an entire day, which does not offer the possibility to examine how the use of a certain ER strategy is followed by a change in depressive symptoms from one situation to the next. One way to overcome these shortcomings is to use the ESM \[[@pone.0224126.ref124]\], which may provide a more powerful design to address the dynamic relations between temperament, state ER strategies, and symptoms over a longer period of time. This will be an important future direction for research.

Fifth, we did not include information about the situations in which the state ER strategies were generally applied and the goals youth were trying to achieve. However, in daily life, ER often occurs in social contexts \[[@pone.0224126.ref125]\] or in response to stress \[[@pone.0224126.ref126]\], and personal goals are thought to play a defining role in state ER strategies \[[@pone.0224126.ref125]\]. An important avenue for future research is to study when and how different ER strategies are used by concurrently assessing the context, personal stressors, and personal goals.

Furthermore, to make the design less burdensome, we asked participants to fill out a diary for seven days, which may be a relatively short period to capture meaningful fluctuations in state ER strategies and depressive symptoms, as they may be relatively stable in the short-term. Future research should therefore include longer time frames to enhance assessment of fluctuations in these variables and study the complex dynamics over a longer period of time. The obtained relations in the current daily diary study may change dependent on whether a shorter versus a longer time frame is used.

Lastly, all participants were instructed to start on a Monday to ensure standardization. The down-side of this methodological consideration is however that we cannot rule out the possibility that the psychological effects of the day of the week (see \[[@pone.0224126.ref127]\]) may have contributed to the current study's findings. Relatedly, the random slope models in the daily diary analyses showed that depressive symptoms, state rumination, and state positive refocusing all decreased from Monday to Sunday. Whereas this may be a reflection of the stress-levels related to the day of the week \[[@pone.0224126.ref128]\] we cannot rule out the possibility that measurement reactivity, which is common in daily diary research, may have contributed to our results \[[@pone.0224126.ref129]\].

Despite these limitations, this study has several notable strengths. First, we used both trait and state assessments of ER strategies and depressive symptoms in a large sample of youth to investigate both the general and day-to-day relations among temperament, ER strategies, and depressive symptoms more thoroughly. Second, unlike the majority of studies linking NE to rumination, we also included PE and an adaptive ER strategy, positive refocusing, in the current study thereby shedding light on the important differences in the dynamics underlying the reactive temperament--depression relation that have been overlooked in studies excluding the PE dimension.

Conclusion {#sec031}
----------

To conclude, the results of the current study contribute to a more nuanced understanding of the associations between reactive temperament traits, ER strategies, and depressive symptoms in youth by investigating their general as well as their day-to-day associations. The cross-sectional results provide preliminary evidence for integrated models of depression positing that NE and PE each provide distinct and unique pathways in defining one's vulnerability to depression through influencing one's trait ER strategies, whereas the daily diary results suggest that in daily life the relations among temperament and state ER strategies may be less clear-cut.
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